

















Section 5. In Situ Observations

transport on seasonal to interannual timescales (Fig. 4). The 1985-1986 6-month
WEPOCS mooring data suggests two moorings are
needed in both Vitiaz and Solomon Straits, as there appears to be significant
horizontal shear in these passages. Single moorings are planned in St. Georges
Strait and the “Indispensable” Channel (10°S, 161.5°E). Each mooring will con-
sist of velocity measurements from upward/downward-looking ADCPs to fully
resolve the surface- to subthermocline flow in each passage. These surface ob-
servations were not resolved by the earlier WEPOCS mooring measurements.
Discrete current meters will measure the deeper currents. Temperature-salinity
measurements will also be made at discrete points along the mooring lines,
with higher resolution in the surface to thermocline layers. Nearly all of this
instrumentation is already available at CSIRO and SIO.

Hydrographic CTD surveys and preliminary monitoring will be critical in
different parts of the Solomon Sea. The use of gliders will be tested and pos-
sibly maintained there, because the region is remote and difficult to access
regularly with an oceanographic ship. A first CTD survey at 11.5°S was ac-
complished in August 2007 to estimate the net inflow from the south, corrob-
orated with an experimental glider monitoring of the LLWBC over that same
latitude. Hydrographic and possibly glider surveys inside the Solomon Sea will
be needed to understand how this inflow distributes within the Solomon Sea
and what water mass transformations occur before it exits.

A comprehensive monitoring system will be proposed to survey total mass
and heat transport into the Solomon Sea. The array consists of endpoint moor-
ings measuring geostrophic mass transport, a set of inverted echosounders plus
pressure sensors (PIES) along the section to resolve vertically integrated heat
content and flow across the section, and the aforementioned gliders to deliver
the temperature distribution and flow in the upper 1000 m. It would be com-
plementary to the Strait monitoring, assuring that there is no leakage through
smaller passages and that there are no systematic biases in either technique.
Such methodology is being developed and demonstrated in the California Cur-
rent under the NOAA funded CORC initiative, and would be migrated to the
Solomon Sea after successful operation off California.

e. SEC inflows, outflows, and bifurcation. Monitoring simultaneously the
aforementioned transports will provide an unprecedented description of the
SEC water pathways and associated heat transports. Those include (Fig. 6): the
SEC inflow near 163°E, the EAC transport at 28°S, and the Solomon Sea merid-
ional transport at either 10°S (South Solomon Sea) or 6°S (Solomon Sea Straits).
These measurements, if concomitant and associated with appropriate model-
ing experiments, will provide a description of the bifurcation of thermocline
water in the southwest Pacific and its redistribution to the Tasman Sea and to
the Equator. They will also provide an indirect estimate of the NCJ bifurca-
tion processes, as they reach the coast of Australia, which cannot be directly
observed because of its large latitudinal range and the partitioning due to its
encounter with the North Queensland Plateau.

f. Analyses of existing large-scale datasets. While in situ observations in
the southwest Pacific have been scant thus far, efforts have been made to con-
solidate information from both in situ and remotely sensed data into gridded
datasets (e.g., the Digital Atlas of Southwest Pacific upper Ocean Temperatures
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(DASPOT, Holbrook and Bindoff, 2000) and the CSIRO Atlas of Regional Seas
(CARS, Dunn and Ridgway, 2002), AVHRR, T/P, Jason1 (Willis et al., 2003). These
have contributed to our understanding of the seasonal and interannual vari-
ability, water masses, and heat storage variability. Update and analysis of these
datasets will continue as new instruments are deployed to provide new insights
and guidance to the fieldwork planning. A working knowledge of the historical
datasets will also help to provide a more seamless transition from the XBT to
Argo data era.

5.3.2 Regional scale operations

Regional SPICE or SPICE-related operations aim at comprehending (a) local
impacts of oceanic and climate variations on the local environment, and (b)
small-scale processes that relate and possibly influence the large-scale circu-
lation. Regional studies have necessarily diverse objectives, and will integrate,
in most cases, biochemical, fish, or environmental scopes. Because of such di-
versity, SPICE cannot integrate detailed regional operations. However, the pro-
posed regional collaboration will provide a natural incentive to coordination
with the large-scale operations.

a. Regional process studies. Several aspects of the large-scale thermo-
cline water circulation are interrelated with small scales (e.g., jet formation pro-
cesses, WBC dynamics against the contorted Australia-PNG coastline, standing
eddies on the EAUC pathway). Because those interactions between strong cur-
rents and topographic obstacles impact nutrient availability and biology, spe-
cific field studies associating physical and biochemical aspects will be required.
Variations in oceanic conditions’ influence on meteorological processes will,
similarly, entail multidisciplinary experiments. Regional process studies—some
of which are ongoing—will include focused regular CTD-0,-LADCP surveys in
coastal regions with biochemical sampling, mooring lines, and meteorological
parameter measurements.

b. Regional monitoring. Continuous, in situ measurements of the sea sur-
face temperature, the sea surface height and the sea surface salinity from the
Pacific Islands can be determinant to understanding large-scale ocean circula-
tion as well as local conditions and their impacts (e.g., sea level, coral reefs, cy-
clone trajectories). Coastal station networks already exist, notably the Tsunami
Warning System in the South Pacific (www.bom. gov.au/pacificsealevel), the
Integrated Marine Observing System (IMOS, www.imos.org.au) on Australian
coasts, and the IRD time series (www.ird.nc/ECOP/siteecopuk/cadres.htm)
on the French Islands. SPICE should support the network of existing time series
extension, perpetuation, and possibly association with other types of measure-
ments (e.g., CO, monitoring).

5.4 Proposed Observations and Infrastructure

The SPICE field program is based on existing infrastructures, regional and re-
mote. This includes the Hobart CMAR, the Noumea IRD center, Wellington
NIWA, and Scripps Oceanographic Institution.
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a. Hydrography. Standard hydrographic surveys consist of observations of
temperature, salinity, and velocities over the water columns—or at least 2000 m.
SPICE-proposed hydrographic sections are high resolution and integrate oxy-
gen measurements to identify water mass origins. Temperature and salinity al-
low calculation of the velocity relative to a given depth, which, combined with
ADCP and/or drifter measurements, provide a detailed description of the ve-
locity field. Hydrographic vessels that can be made available to SPICE projects
include the 66 m RV Southern Surveyor (CSIRO-Hobart), the 28-m RV ALIS (IRD-
Noumeéa), large ships from the French national fleet (www.ifremer.fr/flotte/
navires), the 70-m RV Tangaroa, and 28-m RV Kaharoa (NIWA-Wellington),
and associated hydrographic instruments and engineers from the respective in-
stitutes.

b. Gliders. Gliders are autonomous underwater platforms that are moved
over the water column by modifying their buoyancy and “glide” using wings
that confer a horizontal velocity associated with their vertical displacements.
Gliders orient themselves to accomplish the equivalent of a slow hydrographic
section associated with a variety of measurements including temperature and
salinity, over the upper water column. The present technology has been tested
in the Coral Sea (Gourdeau et al., 2007), providing successful, repeated mea-
surements of the transports across a 900 km distance and across strong cur-
rents. Gliders are expected to be an important contribution to monitor bound-
ary current, especially in regions of difficult accessibility. Gliders are currently
operated in collaboration between Scripps Oceanographic Institution, NOAA,
and IRD. The CSIRO (CMAR-Hobart) was funded to purchase gliders and de-
velop an operational facility.

c. XBT from VOS. Expendable Bathythermograph (XBT) probes deployed
from commercial vessels on their routes have been able to provided repeated
measurements of the upper 400 m water column in different parts of the world
and over the past 35 years (www.jcommops.org/soopip). XBT data are the
main source of knowledge of oceanic variability, especially in the southwest
Pacific Ocean where little other data exist. Over 10 years of XBT measurements
are now available along each transect of the “Tasman box” (Fig. 6) between Aus-
tralia (28°S), Fiji (18°S, 178°E), and New Zealand, with sampling typically occur-
ring approximately four times each year (Roemmich et al, 2005). These high-
density transects are fundamental to the proposed observation network. Fund-
ing is secured to maintain them in the next 5 years, and to upgrade (deeper
probes; higher frequency is considered within the SPICE context). XBT lines
between Fiji and Honolulu and Noumea and Japan are currently maintained
(Fig. 6). New lines (Noumea-Guadalcanal) are under consideration to monitor
the SEC inflow using a combination of Argo float releases, deep XCTD probes
on the edges, and XBT probes.

d. Drifters. Floats from the Argo program (www.argo.ucsd.edu) will be
deployed during SPICE. The present Argo coverage is very low in the Coral and
Tasman seas because of the topographic configuration: floats get entrained in
boundary currents close to the coast and are pushed toward the shore by the
prevailing winds during their surface phase, and eventually beach. The long
ARGOS surface transmission times may be a major cause of this drift. But, to
our knowledge, about half the floats that crossed the Coral Sea have so far “sur-
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vived” the WBC transit, and while this area would be opportune for float de-
ployments with fast Iridium® transmitters (thereby reducing the surface drift),
it appears reasonable to continue deploying standard floats. Floats equipped
with an oxygen sensor will be especially relevant as strong oxygen gradients
permit efficient identification of water origins.

Satellite-tracked surface drifting buoys provide a convenient platform to
measure surface velocities and temperature or more properties in some cases
(Lumpkin and Pazos, 2006). Regular deployment is planned during all sea-
faring cruises. Through a collaboration of the Bureau of Meteorology, NOAA,
and the University of Melbourne, floats will be deployed to monitor specifi-
cally the Lagrangian properties and transport of the East Australia Current (“the
East Australia circulation surface drifter program”). Preliminary deployments
have started; the target is to deploy 30 drifters/year for 5 years off the coast of
Queensland using volunteer ships.

e. Moored instruments. Moored subsurface current meters, including
upward-looking ADCPs, are capable of providing the needed time series of the
currents and transports in the Solomon Straits, and have proven relevant in
the Indonesian Straits during the recent International Nusantara STratification
ANd Transport program (INSTANT) project (www.ldeo.columbia.edu/res/
div/ocp/projects/instant.shtml). Nearly all of this instrumentation and
expertise is already available at CSIRO and SIO; deployment and maintenance
will be carried out during hydrographic surveys in collaboration with IRD.

There are presently no moored surface stations in the Tasman-Coral Sea.
Surface meteorological moorings are essential to obtaining high-quality me-
teorological observations of wind, air, and sea temperature, humidity, pres-
sure, radiation, precipitation, and salinity) which can be used to infer air-sea
fluxes. Such instrumentation will be deployed in the Southern Ocean within
the Integrated Marine Observing Network (IMOS), an Australian, government-
funded 4.5-year program to provide infrastructure to observe the coastal and
open ocean around Australia. While similar instrumentation in the SPICE re-
gion would be of high value to the determination of air-sea fluxes, its deploy-
ment and maintenance costs are very high, and no funding source has been
identified at this point. A Deep Ocean Assessment and Reporting of Tsunamis
(DART) buoy will be installed, and a cost-effective solution to equip this buoy
with meteorological sensors is under consideration.

The moorings, inverted echosounders/pressure sensors (PIES), and gliders
necessary to the South Solomon Sea integral transport measurement system
would be provided by SIO, with funding from the NOAA CORC project. Two
moorings are required at the end points of the section carrying enough micro-
cat T/S sensors to calculate dynamic height differences along the section. The
PIES instruments will be located on the seafloor and measure bottom pressure
with extreme precision, as well as acoustic travel time to the sea surface as a
proxy for heat content/dynamic height. Their (and the mooring) data will be
interrogated and telemetered to shore by the gliders. Several gliders would op-
erate along the section simultaneously to provide sufficient temporal resolution
for the transport changes to be captured.

f. Surface measurements from VOS. VOS equipped with real-time trans-
mitting automatic weather stations (AWS) provide repeated data that are highly
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valuable to air-sea flux estimation. There are currently eight vessels that par-
ticipate in the Australian Volunteer Observing Fleet (AVOF) program, the New
Zealand RV Tangaroa and the Noumea-based RV ALIS. Their routes include
coastal Australia (Queensland to South Australia), Bass Strait, and the Tasman
Sea (Fig. 5). The network is being extended, and several of these ships will be
fitted with ship hull SST sensors through the IMOS program (previous section).
There is some capacity to take advantage of these ships for additional observa-
tions, such as surface drifter or XBT deployments.

Repeated surface salinity (RSS) measurements have proven useful to un-
derstand important aspects of climate variations in the South Pacific as those
reflect the precipitations—notably the SPCZ and the ocean circulation. A net-
work of manual and automated sea surface temperature and salinity measure-
ment systems mounted on commercial ships using a water intake has been
covering the southwest Pacific Ocean since 1956. This network now transmits
its data in real time (www.jcommops.org/soopip/ and www.legos.obs-mip.
fr/observations/sss/). The importance of SSS in the climate system has
motivated the development by European and USA/Argentina space agencies of
dedicated satellite missions (SMOS and Aquarius) to enhance global observa-
tions, and the in situ network is expected to establish a ground basis for cali-
bration.

5.5 SPICE-Related Observational Projects

Table 2 provides a non-exhaustive list of the observational projects that re-
spond to the aforementioned SPICE objectives and challenges.
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Table 2: A non-exhaustive list of the observational projects that respond to the afore-
mentioned SPICE objectives and challenges.

Topic/Project Obs. Component Institution(s) PI(s) Sponsor Funded
SEC Inflow
South Equatorial Current and 5.3.1.b IRD L. Gourdeau IRD-LEFE Yes
jets from modeling and PMEL W. Kessler NOAA
observations Scripps R. Davis CORC
Solomon Sea
Solomon Sea inflow from the 5.3.1.d IRD C. Maes/L. IRD Yes
South PMEL Gourdeau NOAA
Scripps W. Kessler CORC
R. Davis
Circulation in the Solomon Sea 5.3.1.d IRD S. Cravatte LEFE/IDAO Endorsed
from models and observations PMEL A. Ganachaud ANR S
G. Eldin OPBC S
Transports through the 5.3.1.d CSIRO J. Sprintall NSF S
Solomon Straits Scripps S. Wijffels Australia TBS
IRD A. Ganachaud ANR S
Integral mass/heat transport 53.1.d Scripps U. Send NOAA, 5-year Annual
entering the Solomon Sea R.Davis program renewals
D. Rudnick approved pending
Tasman Sea
EAC glider monitoring from 5.3.1.c CSIRO S. Wijffels CSIRO Yes
Hobart and Brisbane IMOS
Tasman Front at Norfolk Ridge 5.3.1.c NIWA P. Sutton FRST Field
M. Bowen completed
HRXBT Brisbane-Fiji and 5.8.1e CSIRO K. Ridgway CSIRO Yes
Sydney-Wellington
East Australia Circulation 5.3.1.c BOM/NOAAU G. Brassington BOM/NOAA Yes
Surface Drifter Program Melbourne
Tasman Outflow Mooring array 5.38.1e CSIRO K. Ridgway IMOS TBS
Climatological Data
Relative importance of 5.3.1.f Macquarie Uni A. Maharaj Macquarie Uni TBS
bathymetry, mean flow, and NOCS P. Cipollini ARC
wind stress in altimetric UTas N. Holbrook
signatures of Rossby waves
Historical analysis of heat 5.3.1.f Macquarie Uni/ A. Maharaj Macquarie Uni TBS
content, mass, and heat UTas N. Holbrook ARC
transports around the South
Pacific gyre
Population connectivity in two 5.3.1.f Macquarie Uni L. Beheregaray ARC TBS
oceans: a multispecies Macquarie N. Holbrook
comparative study CSIRO P England
R. Babcock
Operational Programs
AWS and SST on VOS 53.1.a BOM Yes
High-resolution SST analysis 53.1.a BOM/AIMS BOM Yes
over the Australian domain
Regional Applications
Coastal circulation and 5.3.2.a IRD A. Ganachaud ZONECO Yes
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6. Data Management and
Availability

The availability of SPICE data should follow the CLIVAR policy (www.clivar.
org/data/data_policy.php) which includes quality controls and free, unre-
stricted access. SPICE involves different types of data, each of which is in most
cases associated with existing servers or programs (e.g., Argo floats, operational
oceanography projects). A central web page will inform about planned experi-
ments and redirect toward appropriate data servers (see www.pmel.noaa.gov/
people/ganachaud/spice/spice_data.html).

An important issue will be to make Southwest Pacific data available for re-
search, training, and applications (e.g., availability under useful formats). The
Pacific Region Integrated Data Enterprise (PRIDE, apdrc.soest.hawaii.edu/
PRIDE/) is a NOAA-sponsored program to create integrated data products to
address issues related to vulnerability of coastal and island communities to cli-
mate, marine ecosystems, and climate-related risk management. In line with
that, the U.S. Global Climate Observing System (GCOS) Program manages
NOAA’s activities at the Asia-Pacific Data Research Center (APDRC, apdrc.
soest.hawaii.edu/). The APDRC has in turn developed the infrastructure
necessary to make data resources readily accessible and usable to researchers
and general users. The APDRC, via the U.S. GCOS Program, will be able to in-
tegrate servers for new model simulations and data types relating with SPICE.

7. Applications and Training

The bridge between the large-scale ocean and atmosphere circulation and their
local impacts on environment and eventually sustainability will be established
in collaboration with regional agencies and universities. On basin and global
scales, the ultimate purpose of SPICE and follow-ups is to improve climate pre-
diction. Such improvement will be of direct benefit to Pacific Island Countries
(PICs) whose climate is strongly influenced by ENSO. But a major SPICE ob-
jective is to improve knowledge and prediction of the ocean conditions in the
southwest Pacific, pertaining to a wide range of temporal and spatial scales,
from basin scales to island effect scales. During SPICE, tools will be developed
(e.g., database access, model simulation diagnostics), as well as independent
projects that are specific to a location or process. The CLIVAR data policy will
stimulate rapid public data access. This development will need to come along
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with appropriate training to serve local interests and respond to the demand
from Pacific Island country governments to improve their appreciation of vul-
nerability to changes in the oceanic and climate environment and their capac-
ity to respond to such changes.

SPICE, in collaboration with the Pacific Islands Global Ocean Observing
System (PI-GOOS, hosted by SOPAC, the Pacific Islands Applied Geoscience
Commission, based in Suva, Fiji), will endorse and encourage training initia-
tives. Training can cover a wide range of topics, some of which were already
mentioned in this document (e.g., sea level rise, oceanic conditions and coral
health, tropical cyclones) with specific research or application projects, classes
on database usage and developing capacity building in operational oceanogra-

phy.

8. SPICE Legacy

SPICE is a process study to identify southwest Pacific features that are relevant
to climate. The efficacy and reliability of the proposed measurements on cli-
mate prediction will be assessed through the modeling efforts. This will pin-
point to the key quantities that may lead to the development of a long-term
South Pacific monitoring system to deliver data for initialization and calibra-
tion of climate forecasts. Regionally, SPICE will lead to improved ocean condi-
tion knowledge and forecasts, with direct applications to Pacific Island coun-
tries.

Through the CLIVAR data policy, measurements and model outputs will be
made publicly available through appropriate data servers (see Section 6). Rele-
vant training will help build the capacity in local communities to use southwest
Pacific data and forecasts for pertinent response to societal demand.
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